Introduction {#sec1-1}
============

Thrombocytopenia in newborns has an overall prevalence that ranges from 1% to 5%.\[[@ref1][@ref2][@ref3][@ref4]\] It is even much higher in newborns admitted to Neonatal Intensive Care Unit (NICU) reported to be ranging from 18% to 35%.\[[@ref2][@ref5][@ref6]\] From 22 weeks\' gestation onward, the platelets count reaches and maintains a level above 150 × 10^9^ /L and only 2% of term newborns have platelets counts below this level at birth, thereby a platelets count below 150 × 10^9^ /L has been used to define thrombocytopenia.\[[@ref5][@ref6]\] Severe thrombocytopenia (platelets \<50 × 10^9^ /L) occurs in fewer than three per 1000 term newborns; the most important cause being alloimmune thrombocytopenia.\[[@ref3][@ref4]\] In contrast, approximately 70% of newborns born at a weight \<1000 g has thrombocytopenia at some point during their NICU stay and up to 20% of sick preterm newborns can develop severe thrombocytopenia.\[[@ref7]\] Many neonatal and maternal conditions are associated with thrombocytopenia. However, the most common explanations for severe thrombocytopenia were acquired varieties of consumptive thrombocytopenia, especially in septicemic preterm newborns.\[[@ref2][@ref8]\] Thrombocytopenia has been independently related to mortality and major morbidities as intraventricular hemorrhage (IVH), disseminated intravascular coagulopathy, and necrotizing enterocolitis (NEC).\[[@ref9][@ref10][@ref11]\] On the other hand, the role of thrombocytopenia in some serious morbidities as IVH is difficult to establish, especially when IVH occurs in preterm newborns with normal platelets counts.\[[@ref12]\]

In adults and pediatric ICU patients, the drop in platelets numbers and not only thrombocytopenia was shown to be a good predictor of clinical outcome. In critically ill adults, ≥30% drop in the absolute platelets numbers, without thrombocytopenia was associated with ventilator-related pneumonia.\[[@ref13][@ref14]\] In PICU, a drop in platelets counts \>27% and thrombocytopenia were independently related to mortality.\[[@ref15]\] In preterm newborns, despite that the drop in absolute platelets count, without thrombocytopenia, was suggestive of fungal more than bacterial sepsis;\[[@ref16]\] the association of morbidity and mortality with this drop of platelets counts, especially without thrombocytopenia, is poorly understood. Platelets drop in preterm newborns can be transient, or it may progress to severe thrombocytopenia. Most studies investigating platelets count changes in preterm infants, and its prognostic significance focused on outcome in newborns with platelets \<50--100 × 10^9^ /L.\[[@ref17][@ref18]\] Using a cut-off value similar to adult studies (≥30% platelets drop), a single study was published in newborns that investigated the significance of platelets drop at 7 and 28 days of life in extremely preterm newborns.\[[@ref19]\] The authors demonstrated significant associations of platelets drop with mortality and major morbidities in extremely preterm newborns. Since our local NICU population and setting might be different we aimed in this study to use a similar approach to check the reproducibility of such presumed prognostic value of platelets drop during the first 7 days of life as calculated from the initial platelets count immediately after birth, with or without later thrombocytopenia in our preterm newborns. We hypothesized that in our local setting the rate of early platelets count decline in preterm newborns could predict final NICU outcome and the severity of later thrombocytopenia.

Methods {#sec1-2}
=======

 {#sec2-1}

### Study design {#sec3-1}

In a retrospective cohort study design, an analysis of the medical records of all preterm newborns admitted to NICU in Ohud Hospital in Madina Monawara, Saudi Arabia from November 2012 to December 2013 was conducted. This hospital is a tertiary care health center that serves a large population area.

### Patients {#sec3-2}

Inclusion criteria

The criteria for inclusion of charts reviewed in this study were newborns who: (i) Have gestational age (GA) below 32 weeks; (ii) were admitted on the 1^st^ day of life; and (iii) survived for more than 7 days.

Exclusion criteria

Exclusion criteria included newborns who: (i) Were transferred before completing their treatment; (ii) had thrombocytopenia on admission; (iii) did not have platelets count taken on 1^st^ day of admission (iv) had thrombocytopenia with or without decline in platelets count before day 7 of life; (v) received blood product transfusion in the first 7 days of life.

### Ethical considerations {#sec3-3}

The study was approved by Ohud Hospital Review Administration and the University Research Review Board. As this is a retrospective chart review study patient approval was waived. In keeping with the guidelines of Helsinki, all collected data were anonymized.

### Intervention {#sec3-4}

All preterm newborns admitted in a 1-year period were identified. Needed data were extracted by examining the hospital patient database, medical files, laboratory system, and electronic records. No direct patient intervention was done. The following data were collected: (1) Demographic and antenatal data (GA, birth weight, sex, use of antenatal steroids \[completed course\], and method of deliver); and (2) clinical data and outcome (intrauterine growth retardation, diagnosis on admission, mortality, morbidities such as IVH \[grades 3 and 4 using head ultrasound by a radiologist\], other major hemorrhage such as pulmonary hemorrhage \[defined as hemorrhage requiring prompt medical intensive action as blood product transfusion and sustained medical care\], NEC \[presence of pneumatosis intestinalis in abdominal radiograph read by a radiologist\], sepsis \[blood culture proven\], and length of stay \[LOS\] among survivors). Platelets count recorded on the 1^st^ day of admission was taken as the base to which subsequent platelets numbers were compared. All subsequent counts in the first 7 days of life were recorded to define the lowest count in the first 7 days. Drop in the platelets counts was defined as a decrease of a ≥30% from the first day platelets count. Thrombocytopenia in the study was defined as platelets count \<150 × 10^9^ /L that was proven in two consecutive measurements.

### Outcome measures {#sec3-5}

Our primary outcome measures were mortality and LOS among survivors. Secondary outcome included IVH (grade 3--4), ROP (grade 3--4), NEC, and culture proven sepsis (Gram-positive and Gram-negative fungus)

### Statistical analysis {#sec3-6}

Data were analyzed using SPSS software (SPSS for Windows, version 16.0, SPSS Inc., Chicago, IL, USA). To analyze the prognostic value of platelets decline with and without thrombocytopenia included newborns were classified into four groups; Group 1: No thrombocytopenia with no platelets decline; Group 2: No thrombocytopenia with platelets decline, Group 3: Thrombocytopenia with no platelets decline, Group 4: Thrombocytopenia with platelets decline. Continuous variable were expressed as mean ± standard deviation (SD) and categorical variables as number (percentage). Normality was checked by 1-sample Kolmogorov-Smirnov test. The assumption of a normal distribution was rejected at an alpha \<0.1. Descriptive analysis was performed on demographic and baseline clinical characteristics; as well as the age of platelets count nadir, and magnitude of platelets declines in the first 7 days. Comparisons between the four groups were performed using analysis of variance and Chi-square for categorical variables. Logistic regression was used to examine for the odds of mortality and morbidities in the four groups. Variables that reached a significance level of 0.15 in univariate analysis were included in logistic regression analysis, using the Group 1 (no thrombocytopenia no drop) as reference. *P* \< 0.05 was considered as statistically significant.

Results {#sec1-3}
=======

Of 620 neonate admitted to the hospital in the study period, 188 preterm newborns (91 males, 97 females) were included in our study. The mean (SD) GA for our sample was 28.3 (1.6) (range, 26--32) weeks; and mean (SD) birth weight was 1025 (385) (range, 610--2400) grams. Clinical characteristics of all preterm newborns involved in the study based on study group are shown in [Table 1](#T1){ref-type="table"}. Preterm newborns in Group 4 had significantly lower GA and birth weight than the other groups. Platelets drop occurred at an earlier age in preterm newborns, who developed thrombocytopenia. On the other hand, thrombocytopenia occurred earlier in children who demonstrated platelets drop in the first 7 days of life.

###### 

Comparison of patients characteristics between study groups

![](IJCCM-19-456-g001)

The overall incidence of thrombocytopenia was 31.4% in our sample with 61.7% had ≥30% drop in platelets counts before the age of 7 days. The relationship between mortality and the study groups are shown in [Figure 1](#F1){ref-type="fig"}. The mortality rates were higher in preterm newborns with ≥30% drop in platelets count being highest in Group 4 (both thrombocytopenia and ≥30% drop in platelets count). Preterm newborns without thrombocytopenia and ≥30% drop in platelets count (Group 2) had mortality rate higher than Group 1 (no thrombocytopenia with no platelets decline) and Group 3 (thrombocytopenia without platelets drop). Significance was reached only when Group 4 was compared to Group 1 (*P* \< 0.05).

![Mortality rates in study groups](IJCCM-19-456-g002){#F1}

Nineteen newborns died before discharge with an overall mortality rate in the study group of 10.1%. [Table 2](#T2){ref-type="table"} shows the odds of mortality in various groups of the study. After controlling for other demographic and clinical factors, ≥30% drop in platelets counts was associated with significantly increased odds of mortality when it was associated with thrombocytopenia in preterm newborns. When taken together preterm newborns with ≥30% drop in platelets showed an increased mortality odds, (1.84 \[0.63--5.34\], *P* \> 0.05) when compared to children with no platelets drop; however, this did not reach statistical significance. In those preterm newborns who died before discharge, mean ± SD ages of death were 33.0 (9.9), 12.7 (7.4), 20.1 (6.3), and 15.6 (7.6) days in Group 1, 2, 3, and 4, respectively.

###### 

Probability of death in various study groups in relation to Group 1

![](IJCCM-19-456-g003)

From the 188 studied preterm newborns, 29 (15.4%) showed evidence of grade 3 or 4 IVH, 10 (5.3%) had other major bleedings, 29 (15.4%) showed evidences suggestive of NEC, 46 (24.5%) had Gram-positive bacterial infection, 38 (20.2%) had Gram-negative bacterial infection, and 30 (16.0%) had fungal infection. The odds of having major morbidities in each study group are shown in [Table 3](#T3){ref-type="table"}. The odds of having IVH and NEC were significant (*P* \< 0.05 and \<0.01, respectively) in both Group 2 and Group 4 (those preterm newborns who had ≥30% drop in platelets either without or with thrombocytopenia). Preterm newborns in Group 3 (thrombocytopenia with no platelets decline) did not have IVH or NEC cases. The odds of other major hemorrhages were increased only in Group 4.

###### 

Drop of platelet count on day 7 and odds of morbidities

![](IJCCM-19-456-g004)

While the odds of having Gram-positive infection was significant (*P* \< 0.05) only in preterm newborns with ≥30% drop of platelets with thrombocytopenia (Group 4), it was not significant in both Group 2 and Group 3. The odds of having Gram-negative or fungal infection were significant in preterm newborns with ≥30% drop in platelets count either without thrombocytopenia (Group 2) or with thrombocytopenia (Group 4). The odds of having Gram-negative infection were not significant in preterm newborns with only thrombocytopenia without platelets drop (Group 3) and there were no cases of fungal infection among preterm newborns in this group.

The association between LOS and platelets evaluation was shown in [Figure 2](#F2){ref-type="fig"}. There was significant increase in the LOS in preterm newborns with ≥30% drop of platelets count either without thrombocytopenia (Group 2; *P* \< 0.01) or with thrombocytopenia (Group 4; *P* \< 0.01) when compared to the normal preterm newborns (Group 1) while LOS of Group 3 was not significantly different from those of normal preterm newborns (Group 1; *P* \> 0.05). There was no significant difference in LOS between Group 2 and Group 4 (*P* \> 0.05).

![Length of stay among survivors in study groups](IJCCM-19-456-g005){#F2}

Discussion {#sec1-4}
==========

Although drop in the platelets count without thrombocytopenia is a common observation in preterm newborns; usually, it neither trigger action nor used to draw conclusions on expected clinical coarse or prognosis except after reaching the threshold of thrombocytopenia or even severe thrombocytopenia.\[[@ref8][@ref20]\] Our study confirmed the significant association between drop of platelets with or without thrombocytopenia and poor outcomes. Our findings agree with the results of Rastogi *et al*., who demonstrated a significant association of mortality and major morbidities in preterm newborns below 28 weeks gestation and platelets drop in the first 7 days of life.\[[@ref19]\] Previous studies in critically ill older children and adults have shown similar results.\[[@ref13][@ref14][@ref15]\]

The rate of thrombocytopenia in our study (31.4%) was much lower than that reported previously in preterm newborns.\[[@ref9]\] This is mostly a reflection of excluding thrombocytopenia occurring in the first 7 days of life that is mostly caused by maternal causes. Using same criteria, the incidence of thrombocytopenia in extremely preterm neonates below 28 weeks gestation was found to be 48.6%.\[[@ref19]\] The authors believed that this incidence of thrombocytopenia in their study was more likely to be reflective of primary neonatal causes. However, other authors have published thrombocytopenia rates similar to ours when calculated for all babies admitted to NICUs.\[[@ref1][@ref21]\]

The platelets drop and thrombocytopenia in newborns have traditionally been attributed to a combined process; impaired platelets production and increased platelets consumption and sequestration.\[[@ref22]\] Impaired platelet production usually results in low platelet count that is either present at birth or develops within 72 h of life.\[[@ref21][@ref23]\] In our study, it is reasonable to assume that the decreased production play a little role as we excluded all newborns with early thrombocytopenia. Hence, the most plausible explanation for the platelets drop and thrombocytopenia in our study is increased consumption and sequestration. It was shown that late onset thrombocytopenia in newborns is almost exclusively caused by sepsis or NEC.\[[@ref24]\] Thrombosis and platelet activation/immobilization at sites of inflammation (as in the gut during NEC) were suggested as the processes behind platelets consumption in such conditions.\[[@ref23]\] Such affected neonates were often profoundly sick, required intensive care, and had 10--15% mortality.\[[@ref24]\] In our study NEC, Gram-negative bacterial and fungal infections were associated with platelets drop even in the absence of thrombocytopenia. Platelets drop occurred several days before reaching the level of thrombocytopenia and mostly before other signs of illness appeared. As such, platelets drop in the first 7 days of life represents a strong indicator of the later development of these two problems (infections and NEC). Another group found that such prognostic value of platelets drop remained valid in predicting mortality and serious morbidities at 28 days of life.\[[@ref19]\] Many authors have expressed doubts regarding whether thrombocytopenia itself directly contributes to adverse outcome or is simply a marker of the severity of precipitating complications, which themselves carry a poor prognosis.\[[@ref21][@ref23][@ref25]\] Our results would lend evidence to the latter reasoning and extend this reasoning to platelets drop not only thrombocytopenia. Indeed the early use of platelet concentrates to prevent moderate thrombocytopenia (platelets, 50--150 × 10^9^ /L) failed to reduce hemorrhage,\[[@ref26]\] reflecting the difficulty clinicians face to assess the clinical impact of thrombocytopenia in newborns.

As regards type of infection, our results suggest a strong correlation between platelets drop with or without later thrombocytopenia in preterm newborns and both Gram-negative bacterial and fungal infections. Gram-positive bacterial infection odds increased only in newborns that had shown thrombocytopenia after early platelets drop. Thrombocytopenia happening without prior early platelets drop did not show any association with any type of infection. These findings agree in part with the results published by Rastogi *et al*.,\[[@ref11]\] who reported Gram-negative bacterial or fungal infections happening only in newborns with platelets drop with or without thrombocytopenia. In our study, we still see children with Gram-negative bacterial infection in the other two groups (no drop, no thrombocytopenia and thrombocytopenia without a drop). On the contrary to our findings, they reported significant associations between platelets drop with or without thrombocytopenia and Gram-positive bacterial infections.\[[@ref19]\] These differences might be attributed to the differences in the local NICU environments as rates of nosocomial infections and predominant environmental pathogens; as well as clinical and demographic backgrounds of newborns included in the study. Actually, our reported rates of various types of infections are higher than those reported in other units.\[[@ref19]\] However, although infections have been recognized as a factor that enhances platelets destruction,\[[@ref27]\] the role of specific type of infection or organism is controversial.\[[@ref17][@ref19]\]

Intraventricular hemorrhage was associated with platelets drop even if no thrombocytopenia developed. There were no IVH cases in the group that developed thrombocytopenia without prior observed platelets drop. In previous works association between IVH in preterm newborns and thrombocytopenia was questioned. In patients with severe thrombocytopenia and in contrast to cutaneous and gastrointestinal hemorrhage no relationship between the lowest platelet count recorded, and the presence of IVH or pulmonary hemorrhage were found.\[[@ref28]\] Furthermore, it was not clear how to interpret the association seen in some studies between lower platelets counts and higher prevalence of IVH. Two possible explanations have been propagated; thrombocytopenia might have caused the IVH, or it was a result of IVH through a consumptive process.\[[@ref25][@ref28]\] Our results illustrate that probably thrombocytopenia is not the main trigger for IVH and other factors contribute to its pathogenesis.

This study is mainly limited by the nature of its design. Being a retrospective study might have influenced several key variables validity resulting in both selection and information biases. The collection of samples in our study was part of routine investigations that were not scheduled on similar timing for all patients, which may have resulted in missing some newborns with a drop of platelets or thrombocytopenia. Furthermore, definitions of morbidities such as IVH, infections, and NEC; as well as investigating newborns for them, were largely dependent on the treating physician. Newborns with thrombocytopenia were subjected to investigations as head ultrasound, blood cultures, and abdominal X-rays more than newborns without thrombocytopenia. This might have falsely increased the association between thrombocytopenia and such morbidities.

Conclusion {#sec1-5}
==========

Our study highlights, the need to consider not only thrombocytopenia but also platelets drop when predicting the outcome and major morbidities in preterm newborns. The early platelets drop even without the later development of thrombocytopenia is an early indicator of poor outcome and major morbidities, mainly infection. There is a need to investigate these observations in prospective study design.
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